Cross sectional echocardiography and pulsed Doppler ultrasound were then performed by one of the three paediatric cardiologists (MPL, KCL, RL) using an Advanced Technology Laboratory (mark V series 300) mechanical scanner fitted with a 5 or 7-5 MHz transducer. The atrial situs,16 atrioventricular and ventriculoarterial junctions were defined and ventricular morphology and intracardiac anatomy were studied in the standard views.'7 A search was made for extracardiac vascular anomalies, intracardiac and extracardiac shunts, valvar stenosis, and regurgitation. All echocardiograms were recorded on video tapes and were reviewed by all three paediatric cardiologists together. The clinical history, results of the physical examination, electrocardiograms, and chest radiographs were available to all physicians.
Depending on the clinical and echocardiographic findings either medical or surgical management was proposed whenever possible. If operation was indicated it was planned together with the surgeon (CKM). Cardiac catheterisation was then carried out according to the indications recommended by Rudolph"8 except in those who were moribund on admission. Catheterisation was performed under general anaesthesia with intermittent positive pressure ventilation. Conventional techniques were used. The approach and pattern of study adopted were that appropriate to each individual patient's condition and pre-catheterisation diagnosis.
The aim of all studies was to achieve a complete diagnosis in the shortest possible time obtained at cardiac catheterisation and at necropsy. Of these, 512 were correctly identified by echocardiography, yielding a sensitivity of 95 5%. Seven false positive diagnoses were made by echocardiography, so the specificity of the technique was 98-6%. The normal cardiac segments were correctly identified by echocardiography. Table 2 summarises the segmental analysis.
One case of suspected ventricular septal defect was confirmed and one case of suspected ductus arteriosus was excluded by catheterisation. Of the three cases of suspected coarctation of aorta, two were confirmed and one was excluded by catheterisation. In seven babies with right isomerism and compromised pulmonary blood flow, the pulmonary venous connection could only be defined by catheterisation, and obstructed total anomalous pulmonary venous connection was demonstrated in three babies. Echocardiography failed to diagnose one of the eight cases of right isomerism, two cases each of aberrant right subclavian artery and absent main pulmonary artery, three cases of bilateral ductus arteriosus, and six of ductus arteriosus. Among these 14 babies with missed diagnoses, 13 had other associated anomalies that were identified by echocardiography. In two cases of isolated total anomalous pulmonary venous connection, the drainage site of the common pulmonary venous trunk could only be determined by catheterisation. Two of the seven babies with pulmonary atresia and intact ventricular septum had extensive myocardial sinusoid-coronary communications and these were demonstrated by angiography only.
In the present study, pulsed Doppler ultrasound was found to be a useful adjunct in diagnosing extracardiac vascular anomalies and abnormal valvar function. It was extremely helpful in the detection of ductus arteriosus, coarctation of aorta, abnormal systemic venous channels, and valvar regurgitation. In two cases of total anomalous pulmonary venous connection the drainage site of the common pulmonary venous trunk could not be located without pulsed Doppler ultrasound. It overestimated the severity of one case of pulmonary stenosis, however, and was of limited value in defining the pulmonary venous connection in babies with right isomerism and compromised pulmonary blood flow.
PROPOSED AND DEFINITIVE MANAGEMENT PLANS
The management of 12 (12-5%) babies could not be planned on the basis of clinical and echocardiographic findings alone. As mentioned above, seven babies with right isomerism and compromised pulmonary blood flow required catheterisation to define their pulmonary venous connection. Obstructed total anomalous pulmonary venous connection was diagnosed in three and this precluded systemicto-pulmonary artery shunting. Two patients with isolated total anomalous pulmonary venous -connection required catheterisation to determine the drainage site of the common pulmonary venous trunk before operation. Two of three cases of suspected coarctation of aorta were c6nfirmied by angio- graphy; the remaining patient had isolated cardiomyopathy. A management plan was established in each of the remaining 84 babies after echocardiography. After cardiac catheterisation, however, the management plan was found to be inappropriate in eight babies. Two babies with univentricular atrioventricular connection and pulmonary atresia were scheduled for systemic-to-pulmonary artery shunting. However, angiography demonstrated bilateral ductus arteriosus supplying the pulmonary circulation and there was no pulmonary artery confluence (Fig. 1) , and the proposed shunt was abandoned. The proposed operation was not performed in another baby with interruption of aorta and ventricular septal defect because angiography demonstrated additional bilateral ductus arteriosus with right subclavian artery to right ductus and to right pulmonary artery .continuation (Fig. 2) . Two babies with pulmonary atresia and intact ventricular septum were scheduled for closed transventricular pulmonary valvotomy, but this was ruled out by the angiographic demonstration of extensive sinusoidal coronary communications at the right ventricular infundibulum, and systemic-to-pulmonary artery shunt alone was performed. At catheterisation, an unexpected ventricular septal defect was demonstrated in a baby with hypoplastic right ventricle and pulmonary valvar stenosis (Fig. 3) . This excluded early operation. The proposed management was abandoned after catheterisation in two other babies-one with an isolated ductus arteriosus which was missed by echocardiography and another with an atrial septal defect and mild pulmonary valvar stenosis in whom the degree of pulmonary stenosis had been overestimated by echocardiography.
In 76 (79 2%) babies the proposed management plan did not require alteration after catheterisation, although in nine of them diagnosis by echocardiography was incomplete. The missed diagnoses were ductus arteriosus in five (three with associated transposition of the great arteries, one with associated coarctation of aorta and ventricular septal defect, and the remaining one with infradiaphragmatic total anomalous pulmonary venous connection), aberrant right subclavian artery in two Echocardiography in the management of neonates with suspected congenital heart disease -. . t s babies (one had associated hypoplastic left heart syndrome and the other had associated coarctation of aorta, ductus arteriosus, and ventricular septal defect), and absent main pulmonary artery in two other babies with pulmonary atresia and ventricular septal defect. Thus, echocardiography provided complete diagnosis in 67 (69.8%) babies.
Discussion
To keep echocardiography as a totally non-invasive without pulsed Doppler ultrasound. Differences in flow patterns demonstrated by pulsed Doppler ultrasound allow venous channels to be distinguished from arteries. Persistent left superior vena cava and absent inferior vena cava with azygos continuation can be identified. The impaired blood flow distal to the site of suspected coarctation of aorta (Fig. 4) , shunting across a suspected ductus arteriosus (Fig. 5) We found that it was impossible to delineate with certainty the pulmonary venous connection in right isomerism associated with pulmonary atresia or stenosis. The pulmonary veins were too small to be traced and the sluggish pulmonary venous return precluded detection of the drainage site by pulsed Doppler ultrasound. We also failed to identify by echocardiography bilateral ductus with its associated sixth arch anomalies and sinusoidal coronary communication in pulmonary atresia and intact ventricular septum.
Although we were unable to identify some of the extracardiac vascular anomalies with echocardiography, 76 (79-2%) babies could have been correctly managed without cardiac catheterisation. The result of this study must be interpreted in the context in which it was performed, however. The physicians performing and interpreting the echocardiograms were experienced paediatric cardiologists and echocardiographers and they were aware of the clinical findings, the results of the electrocardiograms, and chest radiographs. Also, echocardiography was being performed with a goal- oriented approach. Thus, in the presence of high resolution cross sectional echocardiography and pulsed Doppler ultrasound as well as expert and knowledgeable echocardiographers, few catheterisations are required in the management of neonates with suspected congenital heart disease. Clinical decisions about management may be made on the basis of echocardiography. Only a selected minority will require cardiac catheterisation and angiography.
